BACKGROUND: )t has been claimed that overweight obesity and childhood asthma and
g r o u p m e t a a n a l y s e s w e r e p e r f o r m e d t o a s s e s s t h e r o b u s t n e s s o f risk associations and between study heterogeneity RESULTS: A total of studies comprising participants were included in our meta anal ysis The s ummary OR s of underwei ght th percentile overweight th to th percentile and obesity th percentile were C) to P C) to p and C) to P respectively (eterogeneity w a s s i g n i f i c a n t a n d s u b s t a n t i a l i n a l l t h r e e w e i g h t c a t e g o r i e s a n d n o t a c c o u n t e d f o r b y predefined study characteristics
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CONCLUSION:
Our resul ts suggest that underweight is as sociated with a reduced risk of childhood asthma and overweight and obesity are associated with an increased risk of childhood asthma Although our findings assert that overweight obesity and childhood asthma are associated the causal pathway and temporal aspects of this relationship remain unanswered and deserve further epidemiological investigation
Running title: Childhood Body Mass )ndex and wheezing disorders
Introduction:
Asthma is a major chronic disease of childhood whose prevalence based on self reported symptoms has increased in recent times and is projected to rise in the future Alongside this trend in asthma the global prevalence of overweight or obesity in infants and under five has increased from million to million during with the potential of a further increase in the coming decade
Previous observational epidemiologic studies suggested that overweight obesity and childhood a s t h m a a r e a s s o c i a t e d a l t h o u g h t h e r e s u l t s r e m a i n i n c o n s i s t e n t A m e t a a n a l y s i s o f f o u r observational epidemiologic studies had reported that there is a relative risk C) to increased risk of childhood asthma for overweight (owever the included studies used a variety of risk estimate definitions three used odds ratio and another used relative risk
Results from a recent meta analysis of cohort studies by Chen et al reported relative risks of C) to and C) to of childhood asthma for overweight and obesity respectively )n a meta analysis of prospective studies Egan et al also reported that there is a relative risk C) to and relative
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disorders Based on these observations we aimed to provide an up to date and more consistent investigation of the association between overweight obesity and childhood asthma and wheezing disorders through a systematic review and meta analysis of studies using consistent exposure and risk estimation definitions and the standard World (ealth Organization W(O definition of the age range for children and adolescents
Methods:
Search strategy:
The review was carried out in accordance with the PR)SMA guidelines for systematic reviews and meta analyses An online search of observational studies cohort case control and cross sectional published as an article in English language was carried out using EMBASE and MEDL)NE databases Figure  A literature search was carried out by the first author Eligible studies were those original reports on childhood wheezing disorders and BM) covering years of age published until May Table S gives the details of terms and phrases used for the literature search
To avoid assuming a linear association papers were excluded if BM ) was modell ed as a continuous variable Publications were also excluded if authors used data driven multiple categories of BM) and if the number of categories presented were generally too few to a l l o w c o m b i n a t i o n w i t h s t u d i e s t h r o u g h e s t i m a t i n g n o n l i n e a r d o s e response curves Papers were also excluded if no risk estimates or comparison groups were presented or if an adult population was included with no separate risk estimate or data for children available
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Data extraction:
Studies were selected by two independent reviewers The following study characteristics were extracted authors year of publication country study design sample size study age group outcome diagnosis term used exposure BM) categories used exposure categorization method outcome ascertainment and exposure ascertainment Data extraction was carried out independently by two reviewers Differences were resolved by consensus 
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as a reference and provided adjusted risk estimates the stratum based risk estimates were aggregated using recommendations from (amling et al before being combined with the other studies for meta analysis of adjusted risk estimates
Outcome variable:
Study authors used one or multiple outcome terms in their reporting Again for comparability among studies where authors used a single outcome e g asthma or wheezing the quoted outcome term by the author and its risk estimate were assumed for analysis (owever where authors used multiple outcome terms a term that was highest in the hierarchy and its risk estimates were assumed for analysis For example if asthma and wheezing were used together asthma was preferred over wheezing
Quality assessment:
Papers included in this review were assessed for risks of bias using the Newcastle Ottawa quality assessment scale Each of the studies was assessed for three quality components Table S gives the details of studies with respective scores
Statistical analysis:
)n the meta analyses of all studies random effects models were preferred as we made an assumption that the studies were not functionally identical and the aim of our meta analysis was to generalize about other populations Estimates were pooled using the DerSimonian and Laird method )f studies presented stratum specific estimates e g by gender t h e n t o p r o v i d e c o r r e c t measures of heterogeneity the risk estimates were aggregated using fixed effect models before being combined with the other studies for meta analyses of adjusted risk estimates in a random effects model Likewise where authors reported the number of cases and non cases in each stratum the total number of cases and non cases were aggregated before being combined
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with the other studies for meta analyses of unadjusted risk estimates of all studies Odds ratios were the principal summary measures
To quantify between study heterogeneity the Cochrane Q test and the ) measure of the proportion of the total heterogeneity explained by between study variation were used Sub group meta analyses and sensitivity analysis of unadjusted risk estimates were performed on a priori selected covariates study characteristics in order to assess the robustness of the risk associations and levels of between study heterogeneities )n order to account for the sources of between study heterogeneity meta regression of unadjusted risk estimates was performed using Restricted Maximum Likelihood REML )n investigating evidence of publication bias and small study effects symmetry funnel plots and bias test models were used significance levels and confidence intervals were adopted throughout Meta analyses were carried out in Stata software version Stata Corp
College Station TX USA
Results:
Literature search:
)n total non duplicate papers were available and screened excluded due to non relevance and were read in full Fig Out of the papers were included in the review A total of studies reported either the risk estimates or number of cases and non cases of wheezing disorders in each exposure group were included in the meta analysis Table S The studies were from Europe Americas Asia and Oceania
Results from six studies were not combined with the other studies for meta analysis as five of them used slightly different percentile cut off points and another used pooled data from over different continents and presented a summary risk estimate
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Quality of studies:
With the maximum of points for each article of the included in the meta analysis twenty five scored thirteen scored and their risks of biases can be interpreted as low and moderate respectively Table S Underweight and childhood wheezing disorders:
A total of studies presented data on the number of cases and non cases in underweight and normal BM ) groups c ompris ing a tot al of c hil dren The summary risk estimate of the studies showed that there was a significant decrease odds of wheezing disorders OR C) to P for the underweight children Figure 
Overweight and childhood wheezing disorders:
A total of studies presented data on the number of cases and non cases in the overweight and normal BM) groups that included a total of children The summary of the ORs showed that there was a significant increased risk of wheezing disorders OR C) to p Figure 
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Obesity and childhood wheezing disorders:
A total of studies presented data on the number of cases and non cases of wheezing disorders in the normal and obese group that comprised children
The overall risk estimate showed that there was a significant increase in the risk of wheezing disorders for obesity OR C) to Figure There was substantial heterogeneity among the studies Q d f ) C) to (owever when the analysis was repeated on the adjusted risk estimate of obesity on wheezing disorders available from studies the heterogeneity was attenuated Q d f P ) C) to whilst the summary risk estimate slightly increased OR C) to Figure S
Sub-group meta-analyses:
Subgroup meta analysis of underweight risk estimates on childhood wheezing disorders from studies showed that the strength of the risk estimates remained stable across each subgroup of the predefined covariates The heterogeneities across each subgroup of the covariates were significant while except for the covariate exposure categorization method the heterogeneities between each subgroup of the covariates were not significant Table   When subgroup meta analysis of the studies by the predefined study characteristics was carried out except for the )OTF categorization method and papers published before that were not statistically significant the strength and direction of the summary risk estimates in e a c h s u b g r o u p r e m a i n e d s t a b l e T a b l e T h e w i t h i n s u b g r o u p h e terogeneity was not significant for the wheezing outcome term e records outcome ascertainment parental exposure ascertainment W(O BM) categorization method sample size less than and case control study design where it was significant for the rest of the subgroups Table  Except f o r o u t c o m e a s c e r t a i n m e n t a g e g r o u p d u r i n g d i a g n o s i s s a m p l e s i z e a n d s t u d y d e s i g n subgroups there was no significant heterogeneity between each subgroup of the other covariates
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A subgroup meta analysis of studies that presented the risk estimate data of obesity on childhood wheezing disorders by the a priori selected covariates was performed except for the case control study design subgroup the strength and direction of the summary risk estimates in each subgroup remained stable There were significant within subgroup heterogeneities except for the outcome ascertainment through a child exposure ascertainment not mentioned )OTF BM) categorization method and sample size less than subgroups Also except for the sample size subgroups there were significant heterogeneities between each subgroup of the other covariates Table   When investigating the sources of between study heterogeneity in the overweight obesity and wheezing disorders risk estimates the results showed that none of the heterogeneity was explained by the a priori selected covariates Tables  No meta regression 
Investigating biases (small study effect):
The funnel plots for the unadjusted risk estimates of BM) on childhood wheezing disorders showed some evidence of asymmetry in the overweight P but not in the underweight and obese categories P and P respectively Figure S Discussion:
)n this more comprehensive meta analysis we have found that there is a significant increase of childhood wheezing disorders risk by OR C) to and OR C) to for overweight and obesity respectively We have also found that there is a significant reduction of wheezing disorders risk for underweight OR C) to )f we were to restrict our meta analysis only for the cohort studies as Chen et al and One notable difference between our study and the three previous meta analyses results is that our summary risk estimates have narrower confidence intervals and are more robust than those previously reported This is likely to be due to the larger number of participants in our meta analysis )t could be also due to our usage of data harmonization consistent definition of the risk estimates and BM) categorization methods and the usage of standard W(O child and adolescent age range definition Based on our sub group meta analyses results of the unadjusted risk estimates we noted that the summary ORs estimates tended to attenuate as the number of BM) categories used by study authors increased For example the summary associated risk of overweight on wheezing disorders for authors that used two BM) categories was twice and thrice of those which used
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three and four BM) categories respectively Based on the heterogeneity measures Q test and ) we observed that there was a considerable level of between study variation in the underweight overweight and obesity unadjusted risk estimates although this could be due higher sample size studies in our analyses As noted in the forest plots there were a few studies with large samples and high precision of risk estimates that can have dominating effects for the between study heterogeneities Figures (owever the same pattern was not observed in the adjusted risk estimates the between study heterogeneities were low in underweight overweight and obesity risk estimates Figures S S )n our attempt to uncover the effects of study level covariates to the observed significant between study heterogeneity in the underweight overweight and obesity unadjusted risk estimates on childhood wheezing disorders none of the predefined covariates study characteristics explained the between study variations
Our analyses have certain limitations Firstly in all BM) categories unadjusted summary risk estimates on wheezing disorders we found that there was a significant and substantial level of between study variation that was not explained by our a priori selected covariates We may be reassured though that our summary risk estimates were consistently similar with those of the adjusted summary risk estimates except for underweight and the between study variations ranged Secondly we also had some evidence of funnel plot asymmetry which may indicate a potential small study effect such as potential publication bias
Thirdly as in any systematic review and meta analysis we cannot rule out the possibility of potentially relevant studies being missed by our search strategy Fourthly our results are based on epidemiologic observational studies and are solely dependent on the quality of the primary studies included Particularly wheezing disorders were ascertained through self administered questionnaires in the majority of the studies included that may cause a potential bias to the risk estimates
The strength of our work is that we were able to produce consistent risk estimates due to our use of harmonised data Combining only adjusted risk estimates may under or over estimate the association between exposure and outcome due to either exclusion of studies that used multiple BM) categories convertible to one of the standard formats or combining all irrespective of the type of exposure categorization method used )n order to improve validity of the summary risk estimates we implemented data harmonization techniques and were able to include more studies than if we were to use previous authors techniques most importantly we were able to produce more consistent summary risk estimates of underweight overweight and obesity on wheezing disorders than if we were to combine non standard multiple cut off points The other strength of this work is that we extracted and analysed both adjusted and unadjusted risk estimates which can be used as an internal validation with each other )n conclusion our results suggest that underweight is associated with a reduced odds of childhood wheezing disorders and overweight and obesity are associated with an increased
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